For a considerable number of years we have been attempting to produce herpetic encephalitis in monkeys, at the same time that we were trying to transfer encephalitis with human material to these animals and rabbits. In spite of the occasional reports in the literature that Macacus rhesus and other species of Macacus were susceptible to herpes virus, we were entirely unsuccessful in producing any sort of a dise~e in the Macacus species, even with the most potent herpetic strain in our possession. We administered the virus intracerebrally, intraperitoneally, and implanted it in large amounts, together with agar, under the skin. Never did we obtain any reaction in these monkeys. During the past winter, having in our possession a ringtail monkey of the South American Cebus olivaceus species, we inoculated this animalwith herpes intracerebrally, and found that a disease not unlike that occurring in rabbits killed this animal in the course of 9 days. Since that time we have attempted to produce encephalitis in Cebus olivaceus monkeys with the spinal fluid of several cases diagnosed as probable encephalitis, but apart from a curious edema of the face and temporary unwillingness to eat, in one animal, coming on about a week to 3 weeks after inoculation and from which complete.recovery occurred, we obtained no results whatever.
Fresh brain from the original spinal fluid monkey, which we shall call Cebus I, was inoculated intracerehrally x on May 21 into Cebus II and into two rabbits. The rabbits remained entirely well, not even developing a temperature. Cebus II likewise showed no signs of illness, except that 7 days after inoculation it developed a swollen edematous area on the fight side of the face during a period of about a week. The edema then subsided and the monkey returned to normal.
On July 9, material from the first monkey, Cebus I, which had now been in glycerol for 21 days, was inoculated into a third monkey, Cebus III, and into two rabbits. These two rabbits developed--4 days after inocuiation--temperatures rising to 105.1 ° in one case and 105.8 ° in the other, but recovered. Transfers to other rabbits from these animals developed no virus effects, and the monkey in this series developed no symptoms whatever.
On August 4, another monkey, Cebus IV, was inoculated, again with material from Cebus I, now 45 days in glycerol in the ice chest, and this animal also developed a facial edema with a few days of apparent illness evidenced by lassitude and loss of appetite. This monkey completely recovered within a week, and thereafter remained well.
At first we thought that the facial edema which occurred in three separate animals might have some special significance, but concluded that it probably was due to some injury not anatomically traceable, consequent upon the intracerebral inoculations. Cebus III, which was killed and examined, had developed upon the edematous area a small staphylococcus abcess. We therefore paid no particular attention to the edema, which we could not then and cannot now explain satisfactorily, and preserved these monkeys for subsequent inoculation with herpes virus, in order to find out whether they had developed any immunity.
The above preliminary history of these monkeys is given for the purpose of exactitude, although we are inclined to believe at the present time that the previous inoculations had little to do with the subsequent histories of the animals. This will appear below.
On October 2, Cebus IV, above described, now entirely well, was intracerebrally inoculated with brain material taken from Rabbit 42 and glycerolated for 1 week. This rabbit had died typically after inoculation with an herpetic filtrate. At the same time, a normal Cebus, Cebus V, was inoculated as a control. The difference between these'~two monkeyswas a striking one, both clinically and pathologically.
Cebus V died as other normal monkeys of this species have died after inoculation with herpes, after an acute illness of 9 days. Cebus IV, however, did not show any signs of illness until the 10th day after inoculation. On October 12 it developed t Ether anesthesia was used in all o~erative experiments.
an unwillingness to eat, tremors and lassitude. This on subsequent days developed into a state of somnolence which by October 15 and 16 was so marked that the monkey squatted in the corner of the cage, rarely changing its position, swaying to and fro with its eyes closed and obviously asleep. The only movements were occasional twitchings of the arms and legs. This condition continued day after day. When aroused and offered food, the monkey would eat and occasionally would make uncoordinated and purposeless waving movements with the hands, alternating with tremors. Immediately upon being set back into the cage, it relapsed into deep somnolence from which it rarely roused itself spontaneously. When the limbs were extended, they went into a temporary spastic condition. The TExT-Fro. 1. I~Iabitual position held by Cebus IV while somnolent during a period beginning 12 days after inoculation and lasting until killed, 24 days after inoculation. 2 monkey was examined during this period by Dr. Stanley Cobb and in its general clinical condition displayed a typical encephalitis of an acute type. On the 24th day after inoculation, the animal seemed to be a little more lively, and in order that we might obtain material for the study of the pathological condition as it then existed, the monkey was etherized and the nervous system removed.
Inoculations were m a d e from the brain of Cebus V, which died acutely, into another monkey, Cebus VI, and into two rabbits--all of All the photographs were taken by Dr. S. Burt Wolbach~ to whom I wish to express my apprc~ia~iQ~ a.nd thanks, which died acutely and with typical signs of herpes, proving that the condition of which the control monkey had died was one of herpes.
Material from Cebus IV, the one with prolonged somnolence, was inoculated into another monkey, Cebus VIII, on November 2, and this monkey has shown nothing to date. We neglected at this time to inoculate rabbits from this monkey, but when--by November 15--the virus of Cebus IV had failed to kill a monkey of the same species, while the virus of its acutely dead control Cebus V, had killed promptly, we inoculated two rabbits with the material of Cebus IV, since it seemed that during the chronic condition in this monkey the virus had become either attenuated or destroyed. The material by this time had been in glycerol since October 25, and of course it was an experimental error not to have inoculated rabbits immediately, with the fresh material. This rabbit died of typical, acute herpes. The problem involved will be discussed below. Text- fig. 1 is a photograph of Cebus IV, which remained somnolent, in the position which it held practically without change while asleep for 12 days.
The most interesting part of our experiments--indeed, the findings which encouraged us to publish them--are the pathological examinations of the brains. Although all three monkeys of these experiments had the same virus, Cebus IV was killed after a prolonged somnolence, whereas V and VI died acutely. The differences in the length of time for which these monkeys survived seem at the same time to have involved important differences of the pathological picture.
The following pathological report is one which was very kindly prepared for us by our colleague~ Dr. Wolbach, whose assistance we solicited in order to be sure that there would be no mistake in the pathological interpretation.
Cebus IV.--(This is the monkey which showed no symptoms whatever for 12 days, on the 12th day developed the picture of encephalitis described above and was killed 12 days after the onset--that is, 24 days after inoculation.)
Eight sections of the spinal cord representing different levels are negative. Three sections of the cerebellum show no lesions. Two sections through the basal ganglion, presumably the caudate nucleus and underlying internal capsule, and two sections through the pons and medulla show very numerous and fairly striking perivascular infiltrations, always about blood vessels of medium size. The cells consist chiefly of lymphoid and plasma cells, but there are many cells that have the characteristics of mononuclear phagocytes, rarely, however, containing inclusions. There are also cells that seem to be of connective tissue origin. This is berne out by the fact that there is undoubtedly an occasional minute cicatrix that has formed in the adventifia, rarely an eosinophil cell. In the immediately adjacent zone of nerve tissue there has been an increase of neuroglia and in the pons and basal ganglion remote from blood vessels of any size are small collections of neurnglla, resembling very much the late typhus lesion and in some instances the giia stars of Spielmeyer. These perivascular infiltrations are most abundant and most striking beneath the ependyma of the lateral ventricles in the basal ganglion and beneath the ependyma of the fourth ventricle. The minute gila cicatrices are found chiefly in the nuclei of the pons and in the basal ganglia on both sides of the internal capsule, and therefore presumably both in caudate and lenticular nuclei. The cerebral cortex is represented by five sections, all of which show lesions. In one section there is very striking diminution of ganglion cells, and it is possible to determine the former location of ganglion cells by clusters of neuroglia. The more acute lesions are represented by clusters of cells, the satellite cells, but throughout there is a very pronounced increase of astrocytes. In this region the perivascular infiltration is very striking. The vessels are surrounded by broad zones of cells composed of lymphoid, plasma cells and an occasional macrophage, a rare eosinophil and fibroblasts arising evidently from the adventitia of the vessel. The pia and arachnoid over this region are heavily infiltrated and here it is possible to see that there has been a very considerable increase of connective tissue, but the picture is again dominated by lymphoid, plasma cells and macrophages.
There are a few degenerative ganglion cells in this region with greatly swollen nuclei filled with a finely granular, deeply eosin-staining material. These resemble very closely the inclusions described by Lipschiitz (1) and, recently, by Goodpasture (2). The inclusions are typical of herpetic lesions in rabbits. They were described by Goodpasture in ganglion cells and in other tissues. There is a very marked increase of neuroglia cells of the astrocyte type beneath the glia, and everywhere throughout the cortex there is an increase in cell richness. Numerons cells contain large vacuoles and agree in appearances with the oligodendroglia cells which seem on the whole to be increased in numbers. To summarize, the brain of this monkey shows in basal ganglion, pons, medulla and cerebral cortex many perivascular infiltrations. In the gray matter of all these locations there are numerous minute neuroglia cicatrices. In the cortex there are more recent lesions, as evidenced by the finding of degenerated ganglion cells, and neuronophagia. The degree of perivascular infiltration and infiltration of the leptomeninges corresponds to lesions found in human cerebral trypanosomiasis. There are no vascular thromboses. Careful search fails to reveal any recognizable parasites or microorganisms of any sort.
Cebus V.--(This is the monkey which died of acute encephalitis 8 days after inoculation.) There are sections from five different portions of the cortex and underlying white matter. Sections representing three different regions show a widespread involvement of the cortex evidenced by lesions of individual ganglion ceils, increase in satellite ceils and an early perivascular reaction. None of these changes are conspicuous as observed through the low power. The outstanding feature to be observed with the low power is the swelling of nuclei and the presence of nuclear inclusions. Many of the ganglion ceils containing these inclusions show little change. Others show very marked degenerative changes. The inclusions are those typical of the herpetic infection as described by Goodpasture, Lipschtitz and many other authors. The earliest form seems to be a deeply staining, irregular, somewhat ameboid appearing inclusion. In every instance there is disappearance of the nucleolus. Later stages are represented by nuclei very markedly distended, outlined by a deeply staining, nuclear membrane, presumably containing peripherally displaced chromatin bodies. The inclusion itself in these conditions seems to consist of a mass of finely granular, neutral staining material. With the highest powers and best illumination, one gets the impression that it is composed of minute granules, tightly packed together. These degenerative ganglion cells containing these nuclear inclusions are always accompanied by several greatly enlarged satellite cells, and neuronophagia is in progress. Here and there throughout the cortex there are accumulations of cells in and about the adventitia of the blood vessels. These cells are of an indiscriminate type for the greater part and resemble macmphages or are young fibroblasts. Only occasionally can cells be identified as belonging to the lymphoid series. The appearances on the whole are those that give support to the idea that the lymphoid and plasma cells in perivascular infiltration arise from indifferent cells which take origin in the adventitia of blood vessels. There are a few foci where there is a much greater reaction, where ganglion cells are completely necrotic and surrounded by clusters of enlarged phagocytic cells. Around capillaries there are occasional polymorphonuclear leucocytes. In these areas and in less focal distributions there is a much more pronounced perivascular infiltration. Every ganglion cell is involved, --that is, containing nuclear inclusion with degeneration of the cell body. There are numerous polymorphonuclear leucocytes adjacent to the cells and migrating through the brain itself, and also in the zone of perivascular infiltration. Rarely there is an eosinophll about a blood vessel. The meninges show very little change. There is a slight infiltration with cells that appear to be of the lymphocytic series, although larger than the cells in Cebgs IV (Fig. 3) . Here again, are undifferentiated cells in the pia which could be taken either for fibroblasts or macrophages and suggest origin in si~u of the lymphoid and plasma ceil so commonly found in encephalitis of diverse causation. Without going into great detail, one can characterize this brain by saying that there is an extraordinarily widespread or diffuse involvement of the ganglion ceils resulting in their degeneration, the formation of nuclear inclusion and the usual response on the part of the satellite cells. The acuteness of the process is evidenced by the appearance of polymorphonuclear leucocytes and the early reaction around blood vessels and in the meninges. If I should venture a guess, I should express the opinion that this slide indicates that the initial damage to the brain has been in the ganglion cell of the cortex. In other words, that there has been a specific ldcalization of the injurious agent in the cell. The other changes can be interpreted as secondary to the destruction of the ganglion cells. The suggestion by Lipschiitz that these inclusions are due to the actual presence of the virus is not difficult to believe after seeing these preparations.
Figs. 1 and 2 represent the typical, perivascular infiltration in the brain of the monkey with the more slowly progressing condition, simulating human encephalitis. Fig. 4 is a high power drawing of the swollen, degenerated nuclei and nuclear inclusions found in such large numbers in the monkey which died in 8 days.
DISCUSSION.
The observations which we have outlined reveal that Cebus olivaceus monkeys inoculated with the identical herpetic virus may react in two quite different ways, both clinidally and pathologically, according to the acuteness with which the disease progresses. In the monkey which died acutely in 9 days, we have a clinical picture which has no definite similarity to human encephalitis, but resembles in its clinical and pathological features the condition observed in rabbits after inoculation with herpes virus. The lesions in this acute animal involve the ganglion cells and changes in the nuclei with the nuclear inclusions described by Lipschfitz and by Goodpasture and Teague (3) in the brains of rabbits. The pefivascular infiltrations observedin the typical encephalitic disease of man are relatively undeveloped and of a minor type.
In the more chronic form of the disease, on the other hand, in which we had a clinical picture strikingly like that of encephalitis in man, the pathology as well is one more closely resembling that of man, and although there are a few areas with nuclear inclusions and changes similar to those observed in the acute animal, the perivascular infiltrations and other changes are remarkably like those of human encephalitis.
It would appear from this that the same virus, whennot acutely fatal, produces lesions quite different from those in the acute cases; the differences in picture being to some extent, therefore, dependent upon the length of time and the violence with which the agent is active in the central nervous system. In following the sequence of our experiments, the thought is obvious that perhaps Cebus IV, the animal which was more chronically ill and might have recovered, was partially immunized by a preceding inoculation some months before with the brain of a monkey into which material from a case of human encephalitis had been injected. This would be significant etiologically, were it maintainable; but we are inclined to believe that the difference between this monkey and several others that have died acutely is one of variation of susceptibility in the individual animal, which becomes manifest when a virus of somewhat reduced potency is used.
Of considerable interest, also, is the fact that a Cebus monkey and two rabbits inoculated with the brain of the acute monkey died typically of acute herpetic encephalitis, whereas a similar monkey inoculated with the brain of the chronically diseased animal has shown no symptoms to date. This observation would indicate that there was some attenuation of the virus in the case of the more prolonged pathological reaction in this animal, a condition which has been referred to as autosterilization by Levaditi, and might explain the almost universal failure of transmission to animals with materials from human encephalitic cases. It must, however, be mentioned that subsequent inoculations of rabbits with the brain of this chronic monkey produced typical herpes encephalitis.
Our experiments have shown that, given the proper degree of balance between infectiousness and resistance in a susceptible species of monkey, herpes virus may give rise either to an acute disease resembling clinically and pathologically the acute herpetic encephalitis of rabbits, or to a more prolonged malady in which both clinical features and pathological lesions are strikingly similar to the human disease.
We have no idea that this solves the problem of the etiology of epidemic encephalitis, in the sense of an acceptance of the herpes virus as an etiological factor. It merely shows that the typical clinical and pathological pictures are as closely dependent upon acuteness or chronicity of the disease as they are upon the nature of the virus. Indeed, in the years during which we have unsuccessfully attempted to transfer human encephalitis to rabbits and monkeys, we have had occasion to obtain material from spontaneous encephalitis, from encephalitis following vaccination and from a recent case in which an apparently typical encephalitis followed treatment with phenolized rabies virus. The literature cites encephalitis as most frequently following influenza, vaccination, measles, varicella--all of them, except influenza, so called "filtrable virus diseases," and influenza still uncertain in its etiology.
It would seem to us most rational on the basis of our own experience and the general experience of others to assume for the present that the clinical and pathological injuries grouped together as encephalitis might be due to the development of neurotropism by a number of different filtrable agents, and that the similarity in pathology is due to an analogous reaction on the part of the tissues to various members of a single group of closely related agents. The fact that Rivers and Stewart (4) have recently been able to produce encephalitis with Virus III would seem to further encourage the idea that encephalitic disease represents a clinical group in which herpes virus may be occasionally responsible, but in which the neurotropism of a considerable number of other filtrable agents is involved.
CONCLUSIONS.
Herpes virus which ordinarily produces in Cebus olivaceus monkeys an acutely fatal encephalitis closely resembling in time, symptoms and pathology the acute, herpetic disease of rabbits may--in more resistant individual monkeys--lead to a more prolonged malady which, while unquestionably produced with herpes virus, simulates with considerable accuracy the human disease of acute encephalitis, in symptoms, in course and in pathological changes.
